In reared populations of Allomyrina dichotoma, commercial insects, the skin of last instar larvae was changed softer with opaque white, and infested grubs eventually died. To clarify the cause of the symptom, we collected the larvae of A. dichotoma from five farms and examined their intestinal bacterial florae using pyrosequencing technique. From those results, a member of Paenibacillus was found only in the larvae showing the symptom of disease. Through PCR analysis using a Paenibacillus specific primer set, we obtained the partial 16S rRNA gene sequence and confirmed the microbe as Paenibacillus sp. For clear identification, a whole guts was extracted from each larva showing the sign of the disease and incubated at 70 o C for 15 min to isolate spore forming bacteria. After then, each content of guts was cultured on MYPGP NAL agar medium(12.5 µg/ml of nalidixic acid) at 30 o C. The 16S rRNA gene sequence analysis for the isolated bacteria showed that they were closely related to P. rigui(97.9% similarity), to P. chinjuensis(96.1% similarity), and to P. soli(95.3% similarity). Additional tests including API test and cellular fatty acid composition analysis were performed, but the strain couldn't be identified at species level, suggesting it may represent novel species of the genus Paenibacillus.
In reared populations of Allomyrina dichotoma, commercial insects, the skin of last instar larvae was changed softer with opaque white, and infested grubs eventually died. To clarify the cause of the symptom, we collected the larvae of A. dichotoma from five farms and examined their intestinal bacterial florae using pyrosequencing technique. From those results, a member of Paenibacillus was found only in the larvae showing the symptom of disease. Through PCR analysis using a Paenibacillus specific primer set, we obtained the partial 16S rRNA gene sequence and confirmed the microbe as Paenibacillus sp. For clear identification, a whole guts was extracted from each larva showing the sign of the disease and incubated at 70 o C for 15 min to isolate spore forming bacteria. After then, each content of guts was cultured on MYPGP NAL agar medium(12.5 µg/ml of nalidixic acid) at 30 o C. The 16S rRNA gene sequence analysis for the isolated bacteria showed that they were closely related to P. rigui(97.9% similarity), to P. chinjuensis(96.1% similarity), and to
Introduction
Today, there are various kind of hobby as the quality of life as well as economic development is improved. Keeping insects such as dynastid beetles, stag beetles, crickets, and ants is becoming more popular. In Japan, of pet insects, the size of stag beetles market approached to over two or three hundred billion KRW, and the insect pet market size is estimated as forty billion KRW in Korea(Choi et al., 2011) . Allomyrina dichotoma (Linnaeus, 1771)( stores and hypermarkets.
In 2010, however, a pandemic disease spreads at several insect farms, and in 2012, a case of mass mortality of Japanese rhinoceros beetles showed through the whole country of Korea. The symptoms of the disease mainly emerge at the third instar-end larvae of the beetle, and the larva dies before or after making pupa room. The symptoms of the disease were as follows( Fig. 2): (1) rough epidermis; (2) the body color changes from shiny white to milky white, and the body becomes soften; (3) finally, the larva dies. In general, when the larva of the beetle was bred at an insect farm, about 60 individuals with fermented sawdust were put into 120L plastic box. In this case, if a diseased larva is found in the rearing box, almost all individuals die of a disease which is similar to a bacterial infection.
Several bacterial diseases were reported in insects, such as American Foulbrood caused by Paenibacillus larvae in European honeybee(Apis mellifera Linnaeus, 1758), Sotto disease by Bacillus thuringiensis in silkworm(Bombix mori (Linnaeus, 1758)), milky disease by Paenibacillus popilliae and P. lentimorbus in Scarabaeid beetles, and amber disease by Serratia entomophila and S. proteamaculans in Scarabaed beetles (Dutky, 1940; Grkovic et al., 1995; Han et al., 2008; Ibrahim et al., 2010; Zhang et al., 1997) . Most of the diseases were caused by Bacillus and Paenibacillus, and the only one case, amber disease by Serratia spp. Specially, milky disease appearing in Scarabaeid beetles is very similar to that of Korean A. dichotoma in the symptoms, which the body color of A. dichotoma larvae was changed to milky white and died when the number of spore of P. popilliae reached at between 2 × 10 9 and 5 × 10 9 (Zhang et al.,1997).
The object of this study is to purify and identify the caused bacteria of the disease appearing in Korean A. dichotoma larvae. For this, firstly, the intestinal bacterial florae of the healthy and the diseased larvae were surveyed. On the basis of the bacterial florae, we tried to search different points between the healthy and the diseased larva and, lastly, to purify and to identify the microbe appearing only in the diseased larvae.
Materials and Methods
Genomic DNA extraction from the gut of A. dichotoma larvae For DNA extraction, A. dichotoma larva was washed as follows: the larva was soaked in 70% ethanol for 1 min and then in 0.8% HOCl solution for 1 min. And solution residues were removed by sinking in DW for 1 min. The larva was dissected in a sterilized petri dish. The gut extracted from the larva was mashed by a mortar. Genomic DNA was extracted from 200 mg of the mashed gut material with QiaAmp DNA mini kit(Qiagen, Germany) according to the manufacturer's instruction.
Pyrosequencing on the gut microbiota of A. dichotoma larvae The intestinal bacterial florae was surveyed in three healthy(two individuals from insect farm in Yuseong of Daejeon, and one from Hwingseong of Gangwondo) and three diseased larvae(each individual from Hwingseong of Gangwondo, Namyangju of Gyeonggido, and Yeongam of Jeollanamdo) by using a pyrosequencing technique. For pyrosequencing, bacterial 16S rRNA genes were amplified using the primers V1-9F(5-X-AC-GAGTTTGATCMTGGCTCAG-3) and V3-541R(5-X-AC-WTTACCGCGGCTGCT GG-3) (Chun et al., 2010) where X denotes a 7-11 nucleotide long barcode followed by a common linker AC. PCR amplification was performed using the following PCR protocol: initial denaturation(5 min at 94°C), 30 cycles at 94°C for 30 s, 55°C for 30 s, and 72°C for 60 s and the final extension at 72°C for 5 m. The PCR amplification curves were constructed by sampling the PCR product at 5 cycle intervals and quantifying it using a Qubit 2.0 fluorometer and Qubit dsDNA BR assay kit(Invitrogen, USA). The PCR products obtained at 20 cycles and 30 cycles were selected. The PCR products were gel-purified with the QIAquick Gel extraction kit(Qiagen, Germany) and subjected to pyrosequencing, which was performed by National Instru- (1) healthy larva; (2) rough epidermis; (3) the body color changes to milky white, and the body becomes soften; (4) finally, the larva dies.
